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Abstract 
A Box-Behnken design was conducted to determine the effect of casein concentration (0, 5, or 10%), corn oil (0, 3, or 6%), aw 
(0.900, 0.945, or 0.990), pH (3.5, 5.0, or 6.5), concentration of cinnamon essential oil (CEO: 0, 200, or 400 ppm), and incubation 
temperature (15, 25, or 35°C) on the growth of A. flavus during 50 days of incubation. Potato dextrose agars were adjusted to the 
different levels of tested factors and poured into Petri dishes, once solidified were inoculated with mold spores and incubated at 
studied temperatures. Mold response was modeled using Gompertz and quadratic polynomial equations. The obtained 
polynomial regression model (allowed the significant (p<0.05) for linear, quadratic, and interaction effects for the Gompertz 
equation coefficients' parameters to be identified) adequately described (R2>0.97) mold growth. Additionally, in order to describe 
growth/not-growth boundary, collected data after 50 days of incubation were classified according to the observed response as 1 
(growth) or 0 (not growth), then a binary logistic regression was used to model growth interface. Mold growth probability 
strongly depend on casein, oil, temperature, and aw, as well as variations of pH and CEO concentration, being lower for those 
systems with higher content of CEO (>180 ppm). Furthermore, survival analysis using failure time was utilized to estimate the 
time at which mold growth began. The time to fail was directly related to the temperature and CEO concentration; for systems 
formulated with more than 200 ppm of CEO, time to fail was >30 days for low protein and fat contents. The three tested 
approaches to describe A. flavus response, adequately predicted growth rate and lag time, or growth probability, or the time in 
which growth will occur. The use and selection of any of these approaches will depend on the intended application. 
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1. Introduction 
   Mathematical modeling tools, together with experimental data, are utilized for estimating microbial responses in 
order to define processing and storage conditions for processed foods. Today, predictive microbiology considers 
kinetic models that allow predicting microbial growth in a wide range of conditions. These models, however, are not 
able to predict information under conditions that result in no growth1. With the aim of developing predictive models 
that describe the growth/no-growth boundary, some probabilistic models have been evaluated as useful tools for 
defining the combination of factors to prevent the growth of microorganisms2, 3. Furthermore, time-to-fail models 
have been used to estimate the time at which microbial growth occurs4. Molds are toxicological and spoilage 
microorganisms that may produce mycotoxins; particularly, Aspergillus species have the ability to grow in a wide 
range of environmental conditions and foods. Mold growth in food products depends on several factors such as 
product composition, pH, aw, temperature, composition of the atmosphere, presence and concentration of 
preservatives, and storage time. Since aw and temperature are the most important factors for Aspergillus responses, 
several approaches take into account such factors during the estimation of spoilage (failure) time5, 6. However, most 
available models ignore factors such as food composition and structure, as well as potential microbial interactions 
and the presence of antifungal agents7. In this work, the response of A. flavus in a food model system under different 
conditions was obtained. Then, a probabilistic model that considers the combinations of studied factors (aw, pH, fat, 
protein, cinnamon essential oil (CEO), and incubation temperature) was developed to predict the growth boundary 
for A. flavus. The performance of the growth/no-growth and time-to-fail models are also presented, comparing the 
obtained predictions with those obtained through traditional growth kinetics using the Gompertz equation. 
 
2 Materials and Methods  
2.1 Experimental design and inoculation procedure  
   A Box-Behnken design was used to evaluate the effect of different factors on A. flavus lag time and radial growth. 
The studied variables were incubation temperature (15, 25, 35°C), casein concentration (0, 5, 10%), corn oil 
concentration (0, 3, 6%), aw (0.900, 0.945, 0.990), CEO (0, 200, 400 ppm), and pH (3.5, 5.0, 6.5). Every 
combination was evaluated by triplicate. For each experiment, model systems were prepared with a sucrose solution 
to adjust aw, casein (Sigma Chemical Co., Steinheim, Germany), corn oil (Mazola, Monterrey, Mexico) and potato 
dextrose agar (3.9 g /100 g solution). The pH was adjusted with 0.1 N HCl or NaOH solutions (Merck, Darmstadt, 
Germany) as appropriate. In systems containing corn oil, Tween 20 at 2% (w/w) (Chemical Meyer, Tláhuac, Mex) 
was added as emulsifier. Systems were poured into Petri dishes and depending on the experimental design, tested 
CEO (Aromatic Chemicals Potosinos SA de CV, San Luis Potosi, Mex) was added. A. flavus (ATCC 18672), 
obtained from the Food Microbiology Laboratory at the University of the Américas Puebla, was grown in PDA 
(Becton Dickinson de Mexico SA de CV, Cuautitlan, Edo. Mex) at 25°C during 7 days. The culture surface was 
washed and spores were recovered to obtain a suspension of §106 spores/mL. Petri dishes were inoculated with 5 μL 
of the spore suspension and incubated at selected temperatures in sealed containers (avoiding anoxic conditions). 
Mold growth was daily monitored and the diameter of the colonies was measured for 50 days.  
 
2.2 Modeling of growth curves. 
 
   The mold growth curves were modeled by the Gompertz equation, Eq. (1), by fitting the model parameters using 
non-linear regression.  
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( 1) 
where: ȝ is the maximum growth rate (1/h), A is the maximum growth, Ȝ is the phase of adaptation (h), D is the 
colony diameter (mm) at time t (h), D0 is the initial diameter of the colony (mm), and a, b, c are Gompertz’s eq. 
parameters. In order to determine the parameters dependence on the evaluated factors (temperature, aw, % protein, % 
fat, pH, CEO concentration (ppm)), a response surface design was utilized for obtaining the coefficients of a 
polynomial model for the significant (p<0.05) variables and interactions.  
 
87 C.E. Kosegarten et al. /  Procedia Food Science  7 ( 2016 )  85 – 88 
2.3 Probabilistic Model and time-to-fail model. 
 
   After the incubation time (50 d), mold responses were classified as one for those cases where growth was detected 
and zero for no-growth. The probabilistic model based on logistic regression is described in Eq. (2).  
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where g(x) follows a polynomial model. The Hosmer-Lemeshow and Pearson tests were used for the binary logistic 
regression. Finally, based on the time at which the mold growth starts, a polynomial model to describe the time-to-
fail was also fitted. The variables for this model should be normalized before the regression (standard value = value 
- average / standard deviation). Statistical analyzes were performed at the 95% confidence level, using the Minitab 
16 (Minitab Inc., State College, PA) software. 
 
3. Results 
   The Gompertz equation adequately described the growth of A. flavus for different systems (R2 0.967-0.991). Fig. 1 
shows the fit between observed and predicted values for three systems incubated at 25°C. For temperatures of 15 
and 35°C similar fits were obtained. The observed growth rates are in the range of reported values for this mold8. 
The highest growth was observed in the system without CEO, while in systems containing 200 ppm of CEO an 
important reduction was observed. The effect of pH was also important; at pH 3.5 a lower growth at the same 
conditions of temperature and concentration of CEO was observed than at pH of 6.5. The highest growth rate was 
observed at 35°C, being significantly slower at 15°C, where only two systems presented growth. Regarding fat and 
protein concentration, greater antifungal effects are observed for the protein content than for fat concentration. 
Furthermore, in systems containing protein and/or fat, increasing growth rate was observed even in presence of 
CEO, since the affinity among these components resulting in a reduction in the availability of CEO as antimicrobial 
agent9. Obtained results indicate that at low values of aw the adaptation phase is larger, particularly at low 
temperatures, showing a clear interaction between both factors. It was observed that the effect of the concentration 
of CEO on Ȝ strongly depends on fat and protein composition of the system, particularly at low aw. For illustration 
purposes, an example of model fitness and parameters dependence is shown in Fig. 1 
 
a) 
 
b) 
 
c) 
Fig 1. a) Growth curves of A. flavus at 25°C (lines represents Gompertz eq. fits); b) Growth rate (μ) at protein (10%), fat (0%), pH (5), CEO (200 
ppm); c) Lag phase (Ȝ)  at protein (10%), fat (5%),  pH (5), CEO (200 ppm) 
 
   In order to estimate the probability of growth for the different combinations of factors, the binary logistic 
regression was performed using the growth data of every studied system after 50 days of incubation. Figure 2a 
shows the probability of growth for variations of pH and CEO concentration, while other factors held constant. It is 
important to point out that at CEO concentrations higher than 180 ppm the probability of growth is low for systems 
that not contain protein and/or fat at 25°C and aw of 0.945. Increments in pH may produce increases in growth 
probability, although at higher CEO concentrations, above 200 ppm, no growth was observed.  
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a) 
 
  
 
 b) 
 
 
Fig. 2. a) Probability of growth A. flavus growth at T (25°C), Protein (4%), Fat (2%), aw 0.99; b) time to initiate A. flavus growth for a system 
containing protein (5%), fat (0%), aw (0.99) and pH (3.5). 
    
   Regarding the time-to-fail model, the time to initiate growth is greater as the temperature is lowered and the 
concentration of CEO increases (Fig. 2b). For constant values of aw (0.99), protein content (5%) and fat 
concentration (4%), time-to-growth decreases for any CEO concentration and temperature, resulting in favorable 
conditions for the development of tested microorganism. In systems that showed growth even with 200 ppm of CEO 
the time-to-fail was more than 30 days at any studied temperature.  
4. Conclusions 
   Temperature, aw, and CEO concentration are the studied factors that most affect A. flavus growth. It was observed 
that for protein and fat concentration, as well as for pH, there is a range of possible combinations that may induce 
growth. The amount of CEO necessary for growth inhibition strongly depends on such values. Primary and 
secondary models adequately fitted to the experimental data. Probabilistic and time-to-fail models constitute another 
way to determine the appropriate conditions for processing and accurately predict the probability and/or the time at 
which A. flavus growth occurs, depending on the combination and level of the studied factors. 
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